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LOCATION QF CORED WELL CGTC #@11940
( WEST VIRGINIA PERMIT NUMRER JAC=1349 )
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Characterization of Qverall Core

Density, Porosity, and Log Parameters

Fiva types of density were derived for each sample from fhe
subject well:

1) bulk density - measured by immersicn of krylon-coated sawed
nlocks of whole - sample in Kerosene.

2) matrix density - the density of the ground whcle - sample as

maasured ty the vacuum=-crucible method described by Nuafer (1978).

. 71\11_.‘.1'\"\\

3) grain density - the densit}}gathe crysua_li“- ‘cemponent et
the shales as determined from : Ex.mlner=logj and establishedmin-
aral density values %tabulated Llfalfﬁﬁoer of pefarence sources Note
that this density excludes o:%i&{élﬁatter and any aAo”oho%f‘Qth%%ray)

>

mineralloids.
4) material balance density - a density computed from the whole
rock composition as establisned by estimates cof organic matter Irom
loss on ignition between 100°C and 5509C; from non-pyritic mineralogy
as determined by X-ray diffraction and pyritic mineralogy as Sack-
ecalculasad from total sulfur (LECO) zanalyses. This was used cnly as
a check against matrix density to locate samples with an unacceptable

disparisy tetween a directly measured matrix densi and a2 dansity

<<,

n
8 |
(o]
4]
'
n
(1))
o)

calculated frcm domposition. Material talance density 2
as a cerrelation variable.

o s 1

5) log density - the densicy taken Irom the Du.X density lcg
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of bulk and mactrix density is acout I0.01 g/cc. This yields a
=

cerrespending porosity precision of apout

Discussion of Statistical Correlations from Qverall Ccre

Bulk Density - Significant negative correlations axist between

v

bulk density and loss on igniticn 100-500°C, porcsity and gamma ray lcg

response. The ccrrelation with loss on igniticn 100- 5¢0CC reflscts

Concentration of U and Th in organic matter 1is

b tad in the neg-
ative correlaticn (-.59) with gamma ray log response. The correlatlo
with poresity (-.37) iikely reflects E:eakawerrme&nfgcros;:" of the
higher daensizty (Lower crganic cententd zo p;ﬁanded shal . k very

—

nigh cositive correlation witn mg:}}x aen ty (+.93) i3 exglainec

Tea -

D

oy the low porosity of all si :xtL"Voes and documents good

;L_
. o 1 R s . -
precisiocn in measurement of d Wosd b e TaLDoratory.- -o- = - -

Matrix Density - Correlations of matrix density mimic those cf

bulk dersity because of the low porosivcy in She shales and are dis-

sussed above.

(-.42). These correlations are groduced By relatively lcw zralin
density argillaceocus siltstones that are included in a data matrix
of sufficisntly low 3ample number as to be greasly =20facsad oy L or

2 cut.ying ocinss. JSuartz-eldspar and xac inite ars associazed

-
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in grain density with an increase in pyrite contant. Loss on
C shows a positive correlaticn (+.31) with pyrite
which axplains the gositivs correlétion petween 1oss on igniticn
100-550°9C (organic content) and increasing grain density.

Sorosity - A significant negative correlation (=.31) exists

1th bulk density. In material of constant matrix density, bulk

-y

density is theoretically inversely lineariy related to percsity.
The low correlaticn coefficient nere is attributed o non-constant

matrix density and uniformly low porosit; values wnicn are indiv-
Nj T

4

idually significantly affected by the error in measurement of avan

the very precise methodoclogy used by u§§ﬁ3" toro3ity- c= erﬂznau-ons.

Addictionally, the nigher bulk densicy non-oande shalas nave-a
— . :
™ — g

lcwer mean porosity than the lowenvbuWA densi*y finely lamirated

10C0-350°C (-.52), total sulfur
by low density crganic matter and associated pyrite. TFositive
correlaticns with bulk density (+.44) and matrix denslity (#.38) are

suroprisingly good considering that the sample depth cculd not ©oe

corrected to the geophysical log depth. The degres of correlation

@
[0}
ot
®
e

among these parameters i1s lower than would normalily e 2Xp
This is tcecause core samples are point samples which ars nct striecly
comparatble o log data acguired as 2 function of a moving averags

of instrument response. Considering a gross sampl2 size of ftwo or

three feet of norehole, a good approximation of bulk density can pe
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Siscussinn of 3tatisstical Correlaticns from Qverall Core

Many variables showed significant positive and negatlive cor-

elaticns with one ancther, tut the relatively small samples size of
zhe ropualation zoupled with the proolem cf imprezise X-ray data
zeneratad from some minerals present in low ccncentration pro-
Auced many fortultuous correlations due £0 one or two outlying
points. As such, bivariate scatter plots were used ©o determine i°
she trends indicated by the correlation ccefficiants weré 1hdeed
characteristic of the lcwer part ofrtngfﬁuren1Mem§erﬁ,,Th
correlations although statisticall : ni 7

croduced by one to two ou*Tjin

4o

indicative of the lower Hurda.

Juartz-Ffaldspar (shin-sec

Suartz-eldspar (thin-sesction)

Orthoclase - 1% ASqlay -.50
Orthoclase - Coquimbite +.55
Gypsum - Coquimpbite +.58
Kaolinite - Illic -.52
Ankerite - Heml-nydrate +.95
>lagioclase - Illite - . 4G

The following corrslatlons are interpretad from scatter gleots

1 trends in the lcwer part of the Huren

Member.
fQuartz-Feldspar (thin-ssction) - IZlite -.52
Juartz-"e2ldscar (snin-section) - Kaolinite +.53
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reflacts dilution of one mineral oy anctner. Dilzgsnetically pro-
duced kaclinite freom feldspar possibly explains the kaclinife asso-
ciation. The strong negative correlation of X-ray quartz and Lillixze

is producsd by dilution.

Loss on ignition 100-550°C - Pyrite +.51
Loss on ignition 550-1000°C - Pyrite +.50

Loss on ignition 100-550°C - Sulfur +.54

Loss on ignition 550-1000°9C - Sulfur +.60C
. ~ e~ e,
The association of loss on ignition lGO-SBOCC'witn\-Yzige and
. - > L)

tctal sulfur reflects the high pj?ite-content"of crgani

within the lcwer part of the Huron Member. Syrite

fur correlate with loss on igaition 3306-1000°C as
R

loss of carporates on neating prcobably limits the

cal § Economic Survey

(@)Y
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Characterization < Lithotypes in

Devonian Snale ¢ Jackson 1369

e lower part of the Huron Member in Jackson 1369 contains many

shale lithotypes and 1s not overwhelmingly dominated by 2ny one tyte.
11 tais respect, the lower Huron of this well differs from that of the

i
ower Hurcn descr 1ced as domlnat 4 by a single lithotype in our

.__J

previous report on Linc 1637 {Nuafer, Vinopal, Hchn,et.al., 1578).

In J;Ckson 1369, corfelation of physical and compos £ional wvariables
of the stratigraphic unit as a whole t§nd3rco m&s&.ang sﬁgg_f*cant
correlations within a specific lﬁﬁgotjb ? Correlat ons *y ﬁ7uthY§e

are l‘sued in Appendix C. A sbale ciassification sased on ;adiﬁ?

elements was [irst used in characte*izing th= Llnco;n ‘637 welI

» Ry J\ F\ 7
(Nuhfer and Vinopal, 1378; Nuhfer, TTngeRl Hohn~and athgrs, 19&;8;

and later medified in Nuhfer and Vinoval (1979). ~Five tTypes of

shale are defined: 1) Non-bandeé shals is generally devoid of
preferred oriantation of any visitcle fapric elaments excedT for %he

orisntation of clay laths due tc compaction. Some samples shcw
cceasional thin laminae defined ny wvarying silt content, but most
appear massive 1n chin section and radlograpns. Tnis litnotype 1S
usually extensively surrcwed, commenly contains nodular pyrit

is not assocliated with gas pr osductivity. 2) Snarply canded

.

)

-

#

shals imparts a coarse llnear fabric procduced oY alsernate lIgat

and dark bands up to several cm in thickness. Boundarizs tectween

nands are sharp. Lo core sized samples, the bands axtend acress

3
fo3
[}
0
O

?yriztized spores, large frampoldal aggregates, cyrice-
fi1lad rsynaeresis arzcks" and occasional ncdules are present. This

shala %yre 1s notv associatad wish gas groduction. 1) Lenticularly
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lignht and dark laminae up to 2 centlrmeter in tnickness, Zgowever,
tne poundaries cetween laminae are often undulatory Zicturbaticn

is common 2% laminze néa

are more discontinucus and thicker.compared to “ne tninly laminatad
ala type. This shale type may te associatad with gas preducticn

devending cn 1ts orzanic content and latseral continuity of porous

pyrite bcdies. 4) Trinly laminated shale consists of uniformly

ot

nin, disccntinuous laminaze caused by wispy concentraticns of silt,

pyritic matter and organic nmatter. 'Mcst laminas are less than
2 do by 5 A Y ) 7‘;“‘”"-”‘-“ nhar T

mm in thickness. Larninae souni;r es ire-even,  shaxp and rarely
undulasory. Pyrits occurs ‘.l" és vcﬂy ?ine garticlss and fram-

"‘.'./‘

c0ids. Traction featurses awu'burrcws-are pare. This shalza’type

. I~ o e

i3 associated with gz gg@uctionL gas shcw;, and i1s present in the
. \ad -' ’ 5_

productive lowsr portion cf the Huron WeﬂbE* iﬁ*racksan¢ng:Qy, 3).

Combinations of the abcve tyges, where TWo or mere of the atove

tyoes occur within 2 small (nand s

{4

3 - £ - P
cimen-sizad) pertion oI Las

'

vertical profile. Additionally, two non-shals lithotyces are
sresent in mincr amecunts in the lower part of che Huron Memper in
Jackson Co., crcssbedded argillaceous siltstones and ccneretions.

Tninly laminzted shale - Within c<he ccred portion of the lower

zart of the Huron Member, thinly laminated shales compris

[}
o
‘g
Ko/
v
O
~
} £}

[}

mataly one %aird of the samples sollactad. Thinly laminated shals

i35 analytically distinguisnable freom non-banded and sharply ocanded
snales by its nigher LCOI organic content Mean crganic content
(5.83%) i3 slignh=ly nigher than thac of lenticularly laminatad shzals

1
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L)

higher than that of the non-canded shales. Mean matrix density

‘and bulk density is lower than that of non-banded shale rellectin

uq

e

n

(2]

higher organic content. Howaver, the mean graln density is not
signif;cartlj different frem thcse of the other lithotypes indicating
that mineralogic differences are net great. Mean porosity (1.3%)

i3 not different from that of the lenticularly laminated shales
(1.5%) andé non=-banded shales (LiD%). Log parameters ¢f bulk densit
and gamma ray résponse do‘not differensziate finely laminated core
samples from the other lithotypes in this well. Many of the cor-
elations shown in Apgpendix C with magnitudes .50-.65 are not real,

precduced by the small sample slze and lp°e9: paptmanj of the data

EEt TN g
chl° of this exf=c«

values for mincr components are zZaro.
. . ‘.P\-....__

is shewn by the correlation betwe ﬂieoo imb*te and illite (=.53%) ;-
many of the samples have a coqﬁimbite value cf zeroc and only a Eéw
poinss induce the correlation.~y uly §ignificant. correlat ion
generally appear oetween sample depth, LOI (orgzanic content) andf
density parameters. Loss on ignitiecn 100-550°C shows predictabls
negative correlations with bulk density (=.82) with sample depth
orobably reflecting the correlation between LOI 100-550€C ard
sample depth (+.65). The thinly laminated shales in the lcwer portion
of the core contaln more organic matter.

Lenticularly laminated shales - Within the cored interval,

lanticularly laminated shalss ccomprise about cne third ¢ fthe sam-
ples collected and appear to be relatively more abundant in the
lower portions of the core. The means of 10I organic content and
sulfur fall between those of the thinly laminated and ncn-banded

shals tyges. Several of the lenticularly laminatad shalss have zn

organic content 2qual ©o that of the finelv-laminated shales. Most
significant ccrrelaticns invclve LCI organic content, sample derth,

0
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clay (~-.55) shcw negative correlaticns with sample desth which re-
flect dilution by an increasing illize constent (+.58) with sample
depth. LOCI organic content has a moderate positive correlation
(#.72) with grain density, which reflects the associaticn between
0I organic content and high density opyrite (+.73). The negative

correlation (-.59) between bulk density and porosity is nct real and

is due to variable matrix density. The correlations c¢f dulx densicy
V4

with dolomite (+.71), gamma ray res rthoclase (-.53) and
coquimbite with pyrite (-.78), caled &3 eLomi*e_\t4§lg,

grain density (-.20) anéd hemihydrsig 2§;Ere nct represeﬁﬁative and
represent correlations Inducsed b;i: ints =

hra i B

, o, oo g
Joen-bandad shals - Men-barxisd shales comprise aoc”ozi‘ ataly
=

one fourth of the samples collected and apgear £o ds relatively

more abundant in the uprer and basal portions of she core. Thals

lishetype has ths lowest mean sulrlur

crganic content values. Correspondingly, mean bulk density and
matrix density are nigher than cther shale l1ithotyp due to the
lower organic content. Log characteristics (bulk density, gamma ray

)

(4]
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-

The asorralaticns of illite with dclomise (=.33) and dulx densit;

witn coguimpbite (+.76), and matrix densicy with coguimbita (+.58)
recresant the otiasing effect of cne or two points on an overall
=pend of nc correlaticn. Porosity shows 2 moderate correiation
(+.61) with matrix density which is in agreement with the association
of perosity and pyrite in Devonian shalies described by Nuhfer and
Vincpal, @978).
3iltstones - Cro;sbedded siltstones with low mean porcsity
1.489) make up a minor porticn of the core. The combination of
aprreciable argillaceous matrix andg%arbanage cement 1limits poroasity.
Ags it

-
, ,'. “‘_ n " .
Sharvly banded shale - Sh "g%y nanded shales are prégént in

N, .
33 <7

'sfze 1s inadequate for statistical

- . —
- ) giz TN - o '
“reatmentc. y Dol - - o
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n-ray diffraction mineralogy - Preclision estimated as £10% per

detarmina-ion on mineralogy >10% in total cconcentration; 507 orn min-
g

: . - - . do o
arals present in concentratiosn between 53%-1C7% and as much as =12¢7%
sn law concentration matarials. At this time, uncertainty witn

resgect to stoichiometric ccmposition, amounts cf any &amorphous
mineralloids and further lack of information with respect to =flscts
of matrix differences (arising from compositional changes petwaen
thinly laminated lithotypes at one end, and non-banded 1ithotyDnes

at the other) prevent one {rom making ccmplete estimates of the
accuracy of devermination of each minerzl. Comparisons of X-ray
diffraction data with preliminary geochemical data and of X-ray

dirfraction-vased material balance ‘1a9rim.dens;:y are

v

still in progress. - 4

I} p .‘:\' q
Total Sulfur - Precision i

from analyses of ground sampxg; ﬂﬁﬁ Bgs o SRR JEENE

~3

Thin Section Point Counts -

by

and Eohn (1978), point counting of shales appears imprecise relative

to astimating amcunts of mineralogic and organic ccmpenents in

Devonian Shales. The percent of silt, assumed to Be orovortionzal
=0 the amount of thin section gquartz-eldspar, is uselful 1in making

sedimentologic interpretations and was determined for each sample.

Additicnally, thin section petrcgrzphy was used exte nsively in
fapric analysis of snale lithotypes and in examining crystal tex-
sures in filled fractures. Reproducatility depends on consistence
of microscopist. It is advisable to nave only one mizcroscogist
do a2all of the point counts for a single well In crder T yield

~ - -, - b « - PR Y hi - 1 2 E <
oregarsd SO TIaT TITULY B2Culvasr. rock matserizl is comrpared on 2..
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S e S

—~ ] i - m - - Y ~ - - -~
geochemical analysss. The necessity o adnering o a sca2me TO
produce 2guivalsnt samples cannot 2e overempnasized. LT Is lmper-

tions reconfirmed the anomalous valudd® Tthe data were regained. The

chance, hnowever, 3till =xists ig these “cases that an abrupt lateral
'4 5‘ B Lo N - - -
variation caused inconsistant ﬁé;qfials to te compared, vrcducing

anomalous v7alues. o

-3



UGR File # 157
W.Va. Geological & Economic Survey

Summary and Interpretaticn

The 50 samgsles taken from the 287' core of Jac 1383 hava been
classified into six lithotypes based con fabric =lsments 23 ss2n in
radiographs and negative prints (5x) cof thin sections. lion-shale

D
H.
3

lithotypes; siltstones and concretions, are cf mincr ab undance
the core. The four shale types are:

1) Thinly laminated

2) Lenticularly laminated

3) Sharply banded

4) Non-banded F\‘\‘** v m e Al L

The numerical crder from 1 (tniﬁgl lam i atad) through 4 (non-banded)

is a generally valid orogresalvekgrd=r which reflacts composison,

with respect 5o decreasing orgénié mat : :
e ‘J—“J , :7 T -
matter. This order also rerflects a : et i 7 , :

rt
[
(D
L]
m
Q.
f
[
o
r
K]
o
[
’,A
]
18}
‘a
3
81
'J-
ct
.,.J.
[x}

)

in the finely laminated lithotyre towards a more random fatric in
tae non-tanded type. A cross section through the Cottagaville Field
in Jackson Co. {Patchen, 1377) shows that major gas 2ays are
assoclated with the nigher radicactive upper and basal vorticons of
he lower Huron interval which contain relatively more organic rich
inely laminated and lenticularly laminacted shale than bounding
stratigrapnic zones. Because the lataral continuity is greatest 1in
the thinly laminated lithotype, this fabric may faver lateral con-

duction of gas.

:}

e sublact well (Jac 1369) nad a very high final cren fleow oI

1007 MCF/day and is located at the scouthwestern margin ¢

trend of high natural cpen flow wells (Nuckols, 1378). This linear
-rend nas been intarpreted oy Sundheimer (1578) as asscclatad wizth

§
i
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lanticularly laminated shale. 2roductivity in these

[oh

lichotyres is favored by richer corganic content, which enhances
sorption capacity, and lateral continuity of fabric whicah ravors

ateral outgassing of the rock. Free gas in megascopic fractures

j-a

connected tc the wellbore has been commonly invoked to explain fthe

initial years cf high gas production.from scme shale wells. No
worker, however, has proven the existence of a fracture system of
sufficlent volume to acccunt for such long term prcdﬁction.
Schettler (1977, 1978) postulates such fractures may be depletsd

in shorter periods of time (perhaps in acurs) and that gas diffusion

)

rom the shale matrix contributes almost exclusively to tcotal gas
sroducticn. The Jac 1369 well hadé an initial test of 4700 MCF but

guickly tlsw down to a final cpen flow pg 1007 MCF. 7This cobsarvaticn

'O

rocably represents the rapild deolet‘o* [e} f‘zr'ee gaa from the mega-
N 7
scoplce fractures. Volume of frac*ura po space should be estil-

mated from measurements made on large numbers of actual core sam=

~

ples, ané not carelessly invoked without

"y

urther supporting data
to explain long-term "free gas" production.

In the subject core, several petrographic fracture types were

Y

aoted and are tentatively classifled in terms o
and porosity ennancing characteristics. Wnere the tamperature 1lcg
indicated gas influx from the lower part of the Hurcon Member, frac-

tures were noted in core samples that had preominent coarse hackles
creating 2 rough surface. Slight movement along the uneven frac-
sure surface created numerous "voids" and "vugs" that are only
partially mineralized. Thls type of fracturs was observed in sam-
39 fa2et, (ther 2xamp.2s may nave 2ssn 2ressens
, Zut the core nad ceen tadly picked cver and

P : - 2 P - ) ; 2 o = -
disarrang=d zrior o sampling oy us. _nase Iractures arg nterpretad

- -
}

-
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represent an increase in permeability over thet of
but appear to have low to moderate inte rcrystalline peresity. Se-
tween two such parallel smooth fractures spaced 3 cm agars, par-
ially cpen cross fractures wsare occasionally observed. These
crossfractures are not propped open by partial mineralization, but
retain some porosity and a high degree of permeablility 2s 2 conse-
guenca of surface roughness and movement. Near the bottom ¢l the
cors at 3789 feet, horizontal mineral filled fractures wers noted.

These fractures are tignhtly cemented by large dolon 2 crystals
=

that have faw intarcrystalline boundarisgi nEQHCWaa~*:. As such,
a0 -‘ ¥ ‘.’ , - :l‘ '\ b
the gerosity of these Iractures 1 Bter - low. erneab* 2y /0y

DY
still te higher than that ol tis nalae® maurix because ef"a greater
% 375\“ N ‘ ) I

- -

11 o . Jal: ~
2ase of diffusion along the i.svﬂﬂaggs of t

-~
.

he ccarse.zrystals.
i S

Additicnal investigations on the nature of ;rac,u*, g?ralizgtion <
v Rl . s
,; o o = -~ : 1 . - y"‘j’
and surface fsatures of fracfturss coserved in Devonian snale ccore

and outcreops is currently in progress.



Environments of Depcsition

A gesneral devoslticnal model for the Devonian snales develcped
from vertlical profiles analysls of the mcst com l=2te stratigraphic
sequence available in a core (Lincoln =~ 1637) is‘presented in Nuhfer
and Vinopal /1979). The lower part of the Huron Member in that well
is interpreted as a nearshore shallow-marine shelfl environmen
In Line 1637, dominance of the thinly laminated lithotype, the lack
of trac;ion features and the lack of werrowing suggest a quiet

anoxic snvironment. The lower part of the Huren A,“oer in Jac 1365

3

snows a different frequency of lithotyres than that noted in the
Tine 1637 core. lMore non-banded and lenuicularly laminated shale

- .

s present in Jac 1369. Addi“ionallj, the mean gquartz GoRTRT

‘.J-

of the lower Huron is lower in UEER§‘N‘CVunty. .This diffesrence

K\\:/J'r. .“\‘»..‘
in quartz content 1s also pres :ain the thinly laminated lithotyzne.
SNEEET

7

The greater relative abundancs:uﬁ;g,wticu¢a"ly lan*nated é;aies‘. y
anéd non-pbandad shales cqupled with the lower tcetal Eﬁarté dﬁﬁ%énsfd
15 interpreted as indicating an environment further from the scurce
area in less anpxic and perhaps deeper waters or tne lower Zuron

o Jackson County. In a deeper-water shell environment, conditions

that produce stratification and restriction of circulation, would

e mo ?requensly disrupted oy the effect of impinging regional
nasin currents Parhaps =sustatic, climatic, or Lecconic changes

shale in the upper and lower portions ol the lower gart ol the

Hureon Member in Jackson County. The destrucsicn of stratified

2
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nz non~-gandad zand

(B3

inharitation oy burrowing crganisms and produc
lenticularly laminated shales. The lower periion cf Euron Membar
ccrrelates with turtidite sands to the =2ast. 3Scme oI

in the non=-banded and snarply oanded shales in Jac 1389 may ce the

distal pulses of fine silt and clay carried in oy waning turtidicy
currents. The distance from the gostulated easctern turbidits sand
accumulatiocn to Jackson County is approximately 75 miles, which 1s

not an unreascnable distance for turoidites tc mowve fine grained

material.

P

(AW
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Conclusions and Recommendations

1) Wicthin a specific stracigraphic unit, mang varied shals
lithotypes can be present with widely differing organic matter
contents and fabric elements. Characterization of 2 stratigraphic
incerval should be oresented in terms of specific rock lithotypes.

2) Comparison of depth unconnected'cere samples with geo=-
physical logs indicates that point samples of $Jé?€rant lithotypes

& o oo
cannot commonly ve correlatad to s*gﬂi’gfaﬁﬁr‘idizferent lgg'reyggnse.
As such, cable tool cr air rota Ng sa§;;esxseleﬂted for analyaia ..c

\h../
a stratigrapr unit must be carefully =f\?’a.a.uateci before inte eteq_\

. ; ; - ra o/
as indicating significant interwell differences. Future well cores . /

In ID
"3

~

should ke logged with = surface scint illometer in orde ie“maxa_, _"~

comparison between lcg data and sample data more cbjective. . S
3) Different petrographic fracture types exist, which Influ-

ence permeability and porosity to varying extents. In tentative

order of permeapility enhancing cnaracteristics taey zre: 1) coarse,

nackly, partially mineralized, vertical fractures, 2) partially’

mineralizad cross fractures tetwsen two vertical fractures, 3)

tigntly mineralized sub-vertical €o vertical fractures, 4) tightly

mineralized horizontal fractures. TFTurther research on the physical
propertiss and origin of specific petrographic fracture types is in
progress to order to integrate tnem i a reservceir medel

4) The nighly groductive Jac 1363 well is interpreted in £2rms
a faverablzs Lithotype combined with & specific getrographic

fracsure type. (ccarse, hackly, partiall

(4
2]
‘J
3
[
g}
[
l_
'_J.
[\
w
(o)
1y
"3
[
O
(4
(.
H
1)
(2]

tnat ennances cermeability. An additional core snculd %e taxen in
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Q
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~nag Ay reaT 3
summa ed in She discussion and in the appendices. zowever, -
- - < F‘
general, organic ccontent and pyritic matter are the promary factors

. ora
wnich cause variapility in the shales. Refer Tc Nunfer, Yincpal,

’Hchn, et. .al., (1978) for additional concliusions and recommencacions

5) Tne lower part of the Huron Member in Jackson Co. sShows

}F\m:wv‘g-n...,.‘wﬂ -
.

P ¥ ; T A
iffarences whan compared:t ..he same unit in TLificoln.
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SAMPLE - sample number, correctad depth in Je=t
LOSIG 100 - weight % lecss on ignition, 100-33CCC
IG 500 - weight % loss on ignition, 550-1C0C°C

SULFUR - total weight % sulfur Crom LECO methocd

STRAT - this is simply a numerical designation (3) representing che

lcwer Huron interval defined in the well

arre - .
BULKDEN - bulk density (g/cc) measured:gﬁ? pre sample
MATRXDEN - matrix density (g/cc)m aaarﬂd ‘cn cor samplé i,

‘ e R
LCGDEN - bulk densitcy (g/cc) ﬂboﬁ‘&hnSL 7 log

NTIn - - o
PCRCSITY - ;ercen: rorcsity a@simpiles from matrix and pulk dermsity
—~ .
measurements P

GAMMA - AST units frem gamma ray log -

QUARTZ - percent guartz-feldspar (silt) measured in thin secticn

D

TP - relative amount of 14CA clay mineral by {-ray diffracticn
IZL - " N " 11llice " "
cog - " " " coquimbite ; "
LAC - " " " kaolinite " "
5ZM - " " " hemi-hydrate " "
ANH - " " " anhydrice " "
SZM - " " " szomolnokite " "
QTZ - 144 Al " quartz 1" "
VR = " " 0 pyrite " "
CAL - " " " calcicte " "
oCL - " " " dolomite " "
ORT - " " " ortnoclzase " "
L4 - " " " plagioclase " '

n
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ID - relazive amcunt of 1494 sidesrite 97 {-pray diffractilcn

N

" rn

karite

4 V]
£

‘ANK - " 1" "

- h -~ - £
sample using composi

Yy

GRDEN - ccmputed graln density {(g/ce) ©

cercentages

e

"Ny
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ture is tigntly mineralized with little pore spore present, perm-
2apllity may tce higher tran thas of the shale mazrix. This Zfrac-

ture type 1s interpreted as ute
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orizontal mineralized fractures as seen in radiograph’

F

osrint (3%x). TFractures are very dark 1 mm chick discontinucus tands
parallel to stratification. bccompanying pHotemicrcgrarn shoWE
tightly mineralized nature of fracture. These fractures are Irom
an unproductive zone as indicated oy the temperature log. The

volume of

ta)

73§ faeat.

mineralizaticon

these fracturses from drainin

combined with a norizontal orientaticn

-

gas out of an apprecialle
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“he shale matrix. Specimen is from a core deptn of
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classification variables that define

ple, the lithologic types comprise a
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sample 1s assigned to the appropriate groupn. MANCVA calculates

aumber of statistics, including measures of variance and covariance,

(]
[y

ors, zrnd tests the null hypothesls that there exists

13}
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the mcdel tThat the litholegic

o

in grour means,

yres show significant differences among litholegic types. ©One can
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(Table 3),were found to be highly significant in tihe MANCVA. The
saigenvectors - with entries for 2ach variable mu cinlied by the

square rcct of the within-groups error - give some indication of

the differences between the two cores and‘émqu the thres lithologic
': /5;

xi

types. The filrst elgenvector

groups varilation when testing tig® Aqgélaf“/
D n -
major discriminators zappear tc oézggzgigénSiPr,,sulfur:,
density, sorosity, petrograpnic quarctz, aﬁé i%liﬁg, in de sc=ndingw
order of importance (Table 4). 3ecause only tﬂo'ccéjg;ﬂgnn se

D

the data, the medel testing for a core-effect yields 2 Dinérﬁ\34i¥

genvector. Major differences tetween cores can be attributed to
sxpandable=-layer clays, porosity, log density, nulk density, and sul-
Sur, in descending order.

?rojaction ¢f the samp points on the axes calculated Trom tis

lithologic affsct (Figure 2) shows good group separation despite
rlap, with the banded samplas incermediate to the finely lzam-

inated on the one hand, and the non-banded on the other. This

depositicnal nistories ol the wvaricus lithologic tyres.
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Taple U4: Eigenvectors from MANCVA ol the aypothesis of ceore and
lithologic =effacts

Effact "Litype" "Core"
Eigsnvector # T II I
LOSIG50C -0.113 0.476 -0.315
Sulfur -0.0670 J.204 Q0.428
Bulkden 1.256 : -0.118 -0.510
Matrxder -0.099 -C.330 0.365
Gamma 0.040 -3.c05 0.083
11l 0.423 D - 5‘2@#3&1 -0.033
Zenm 0,128, - oiiIg
£
Pyr -32.3 4‘5:37\";'7\ -0.183 _
& el
Grdsn 3.563 ‘°\,jﬂ 0.512
. LT - N
XD -Q0.245 -9 .20 XNTLT
stz 0.436 -0.39479 . =0 212
v R

21 | 57 TS0 3155

a ¢.0837 0.570 dﬂtﬁgg 5
LOSIGL00 -0.257 -0.656 0¥387
Porosity ¢.557 0.303 -0.674
quartz 0.04¢C 0.137 -0.255
Logden -0.345 ~-0.24Q 0.526

Percent Variance 91.97 8.03 120.0

n
W

=



UGR File # 157

W.Va. Geological & Economic Survey

Multiple Range Test

Analysis of variance (ANOVA) shows that differen

Q
o
0
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2l
‘A.
w
cr
O
g

[

lithotype and/or well for certaln mineralogic and physical para-

mesers. When such diffsrences are indicated, the multiple range

test can be used to group the means into subgroups of not significant

distinguisnable means. The progran utiliZg@ contained ZXramer's

—

Tn2 lower

b

ion sice
.

extensibn which correcﬁed qu unequal popuia
Hurcn interval in Jac 1386 wééxcompared to the iqwer
in Linc 18637 on the tasis of lithotypes for selectéﬁnparameters
(Tacle 1). All means trhat fall within the same grouﬁi&grare nct
signilicantly different.
Among mineralcgic parametefs, less total quarﬁz aﬁd>§i t is .
presant in the thinly laminated and lenticularIVA;aminéted litho-

types in Jac 13€5. More i s oresent in all 1Ithofyres in

.-‘
, ]
ot

[

ite

Jac 13%% parallizling

(33

he decreass in quartz. The nigher clay con-
ten: is consistent with a postulated deep water environment for the

lower Huron in Jackscn County. aAdditionzlly

[

, Le8ss pyrite occurs in
the thinly laminated and non-tanded lithectypes in Jac 1365. The
lower tyrite content along with the lower guartz content may 2X-
clzin trnhe lcwsr mean porcsity ol Jac 1355. 3Bulk densitcy, matrix

densisy, and lcg densicty are nigher in the thinly laminated and

Y

tha lower pcorosity znd overall lower mean organic matter ccnient.

P | = . - 32 an A - fm 34 erd L IR A
7 or lass, thnat diffarences may te dus to individual tlas in
intavnransing 43 2lmanea=nam Ar T e g e S PP qmarna ~aTwaan
e v T e e T milE e s S 4\45_‘-..5 G2 s--én4 MATYrLlX JlIZ2rences C2TWe2en
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Xolmcgorcv=-3Smirnov Tasc
In comparing means or variances, scme propertiss of the dis-
sripu=ion mus: be xacwn to select the appropriate statistical test.

Testing for normality can be quickly accomplished and shculd be
done before comparing data from different litnotypes or wells. The
Xolmeogorov-3mirnov one sample test [or normalify compares ths sample

istribution to 2 nypothetizal normal distribution. Results for

i
[8)
m
}—

cwar Euron interval by l*tﬁoty%?QfO“ ;i.e~l637 and Jac 13538
kY

given in tatle I. ueqeﬂa-iézybos? aarame:ers‘a”e normally dis-

are
zributad indicating that ametr*ﬁ&s? f tical testssuch as the
"""\.‘:F Y e :
mulftiple rangs £sst are generally appi%;aple to the data. .Log
. v h : .

density and bulk density commonly show a agh-rormal iistribgtion

'.J.

indicating that 2 two sample non—paramesr
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UGR File # 157
W.Va. Geglogzical & Economic Survey

Summary of Contractural Fullillment
Parameter Recuired by Ccntract Fulfille
Thin Secticon Mineralcgy Yes Yes
X-Ray Diffraction Mineralogy : - Yes Veas
‘Texture-fabric from thin sections 7es Yes
Texture=-rabric from X-radiography ' No Tes
Ilactreon Microscopy ¢f selected samples Yes
AT
Organic Matter frcm LOI 0 Nodw w
Bulk Density 'gaﬁ. Tes
S
3 - g
Matrix Density . No
\ ¥

Porosity Measurement <o
Material Balance Density T No
Correlation Analyses Whcle Well Tes

rrelation Analyses by Lithotyre No
"Strip Log Presentations Yes Ve

(major parameters) (all parameters,

Relatve petrology to log data Tes Yas

Mulcivariate Analysis No Jas
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for X-radicgracny, presaration of archivs material.
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donn - Computer g2neration of “iiigdg pr§~4¢§s;'linear cor-

R . .“‘\A
relation analyses; multivariétgﬁ?é%{;§r$[ ;32':¢\
Larese = Sample selecticn, initiai%%é?qflstudy{.> f7\a
Neal ~ Strasigraphy ‘§¢/ 7\
. . : - “ . . Ty
Nuhfer - Design of investigation; metho*bldgy, fabric ci%S§i—

fication cf lithctyves oy X-radiography and

{~ray diffraction study, denisty and gorosi
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o microscopy, lcg analysis,

cretation of correlation analyses, organizaticn of

ané interzretation, conclusions and recommendations, organiza-

Vincpal - Thin section point count analyses, Tz



